Eutrophication is a major agent of change affecting freshwater, estuarine, and marine systems. It is largely driven by transportation of nitrogen from natural and anthropogenic sources. Research is needed to quantify this nitrogen delivery and to link the delivery to specific land-derived sources. In this study we measured nitrogen concentrations and d 15 N values in seepage water entering three freshwater ponds and six estuaries on Cape Cod, Massachusetts and assessed how they varied with different types of land use. Nitrate concentrations and d 15 N values in groundwater reflected land use in developed and pristine watersheds. In particular, watersheds with larger populations delivered larger nitrate loads with higher d 15 N values to receiving waters. The enriched d 15 N values confirmed nitrogen loading model results identifying wastewater contributions from septic tanks as the major N source. Furthermore, it was apparent that N coastal sources had a relatively larger impact on the N loads and isotopic signatures than did inland N sources further upstream in the watersheds. This finding suggests that management priorities could focus on coastal sources as a first course of action. This would require management constraints on a much smaller population.
Introduction
Eutrophication is a major agent of change affecting freshwater, estuarine, and marine systems. Increased N delivery stimulates production of phytoplankton and macrophytes, which can lead to a loss of important habitats such as seagrass meadows (Morand and Briand 1996; Hauxwell et al. 2001 ). Loss of habitat has contributed to decreased commercially important fin and shellfish stocks (Baden et al. 1990 ). Degradation of water quality also affects land owners directly by decreasing the aesthetic value of coastal property. Eutrophied estuaries also suffer from hypoxia and anoxia (Zimmerman and Canuel 2000) , which can result in major fish kills in embayments such as Narragansett Bay, Rhode Island (RIDEM 2003) . As populations grow along coastal areas, there is an increasing need to understand how urbanization and associated nitrogen dynamics impact adjacent bodies of water.
Groundwater transports nitrogen from natural and anthropogenic sources to many freshwater (LaBaugh et al. 1995; Hagerthey and Kerfoot 1998) and estuarine systems (Capone and Slater 1990; Valiela et al. 1990 ). N loads transported from watersheds to receiving waters are markedly affected by the distribution of land use on contributing watersheds (Valiela et al. 1990 (Valiela et al. , 1997 , leading to spatial heterogeneity in land-derived N loads. There may also be temporal variation in delivery of nitrogen to receiving waters at tidal ( Differences in land use on coastal watersheds can affect nitrogen delivery by changing the form and quantity of N entering groundwater via atmospheric deposition, fertilizer use, and wastewater (Cole et al. 1993; Valiela et al. 1997 ). In particular, wastewater delivery to Cape Cod estuaries from nearby septic systems has increased over the last few decades (Bowen and Valiela 2001), as human populations have increased along the Cape Cod coast (Bowen and Valiela 2001) . Loads from atmospherically deposited N have also increased over the last hundred years (8%, Bowen and Valiela 2001), but this increase is minor compared to increases in wastewater N loads (93%, Bowen and Valiela 2001) . This is of particular concern because populations closer to the coast (i.e., <200 m) are believed to contribute more N to receiving waters than populations located more inland (Valiela et al. 1997; Corbett et al. 2002) .
Estimates of N loads as well as stable isotopes can be used to determine how land use affects nitrogen loading to adjacent bodies of water. Magnitude of N loads to water bodies can be calculated from the product of measured nutrient concentrations in groundwater and annual groundwater discharge (Kroeger et al. 1999; Valiela et al. 2000) . Different sources of nitrogen can be identified using nitrogen stable isotopes, but only when the sources have distinctive isotope signatures, particularly wastewater (McClelland et al. 1997; Kendall 1998) . In untreated sewage, ammonium typically has a d 15 N of +5 to +9& (Aravena et al. 1993; Waldron et al. 2001) , and volatilization, nitrification, and subsequent denitrification within the septic system or wastewater treatment plant can enrich remaining nitrate in 15 N relative to 14 N. As a result, nitrate in groundwater from septic system wastewater can become enriched, with d 15 N values ranging from +10 to +20& (Kendall 1998). This range is significantly higher than the d 15 N of groundwater nitrate derived from atmospheric deposition (À4 to +6&, Kendall 1998), and from fertilizers (À4 to +4&, Kendall 1998).
In this study, we used estimates of N loading and stable isotopes to examine linkages between land use and land-derived N loads, DIN in groundwater, and d 15 N of nitrate in groundwater. To do this we first examined the distribution of N concentrations and isotopes at the seepage face (where fresh groundwater was entering receiving waters) of several freshwater ponds and estuaries. We related these distributions of N concentrations and isotopes to land use in a series of watersheds where land use differed substantially. We then evaluated how proximity of land uses to the shoreline affected these relationships. To
